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Computation of Basic
Streamflow Records
by
Arthur 0, Westfall
U. S. Geological Survey
1.000

INTRODUCTION

This manual describes the methods and procedures for computing
measurements of river stage and discharge and how to present the
data in a logical and usable form. The computations require a
fairly definite procedure to facilitate the work and reduce errors,
and a standard format is used to facilitate comparison of sets of
data between different areas or time periods. These instructions
do not cover all irregularities and problems that will confront the
technician; they cover only the basic elements. As the technician
becomes adept at applying the principles in this manual he will be
able to cope with more difficult problems as they occur.

The field and office work cannot be separated so that one group
of technicians does nothing but field work and another group does
only office work, To properly interpret the data in the office, the
technician must know what kind of field conditions cause certain
irregularities, and conversely, the technician in the field must
understand what kind of data is needed for proper office inter-
pretation,

This manual is composed of several parts: First, as part of
the introduction, a section is included which digresses back to
field operations. It cannot be stressed too strongly that all
computations are based on the data obtained in the field and if

this data is incomplete or incorrect, then all computations based



on such data may be in error. 1In the second and third parts the
methods for interpreting stage and discharge data are given. The
fourth and fifth parts discuss methods where the stage and discharge
data are brought together to establish the stage-discharge relation-
ship for the station. In the sixth part, the presentation of the
data in usable form is discussed. The seventh part discusses a
method for detecting gross errors or for estimating missing or inac-
curate records. The eighth part shows how to document the analysis
of the data so that future investigations of the quality of the
record will disclose exactly what the engineer was thinking as he
analyzed the data. The ninth part discusses points in the analysis
that should be checked by an experienced hydrologist to assure that
no errors in logic or continuity have occurred. Part ten deals with
general information that will help in the overall organization of

the data or interpretation of the record. Part eleven shows the
various forms developed to assist in the analyses and interpretations.
Tn part twelve, an introduction to advanced hydrology is presented to
show how the basic data can be further developed and used in engi-
neering and hydraulic studies.

This manual was written by a U.S. Geological Survey hydrologist
specifically for use by the Water and Soil Survey Department of the
Ministry of Agriculture and Irrigation, Royal Government of Afghanistan.
The methods described herein are largely those in current use by the
U.S. Geological Survey in their domestic program. In some parts
these methods were modified to meet Afghanistan conditions.

2




1.100
Gaging Station Procedure

A1l too often when a hydrographer visits a gaging station he
fails to note items that are necessary for correct and complete com-
putations of the stream flow record in the office. Without complete
information it is difficult and often impossible to know what has
occurred at the gage. Certain routine checks and proper note keeping
must be done by the man in the field to assure that all information
available is recorded so the technician computing the records can
visualize the conditions in the field that existed during the hydro-
grapher's visit,

The following steps, if done in order and as described, should
result in obtaining complete and accurate information during most
routine visits., The hydrographer should remember, however, that
unusual conditions not covered by these instructions will often be
met, and that there is no substitute for alertness, common sense,
and reason. The hydrographer must never consider a visit to a gaging
station as a routine mechanical operation because, unlike other types
of measurements that can be repeated later if an error is suspected,
the measurement of flowing water is a "once only" type of measurement.
After the water has passed the gaging station, the conditions that
existed as it flowed past will never be exactly duplicated again.

1l. Before opening the instrument shelter or even touching
the gage well or walkway the hydrographer should:
a. Find the gage observer, inspect his notes,

and question him as to any unusual occurrences

3
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d.

such as floods, periods of no flow, excessive
regulation, channel changes, or clock stoppage
that may have occurred. If a flood has occurred,
find high water marks on or near the gage well
and record the gage height of these marks on
the current meter measurement notes. If periods
of no flow have occurred, try to find out the
dates and times and the reason (seasonal, regu-
lation, work on channel, etc.). If channel
changes have occurred because of work done by
man, try to find out dates and times of such
work. Be sure to record any information
obtained on measurement notes or gaging

station inspection form,

Iook at condition of control and gage pool.

If there is debris or vegetation growing on
control or any visible change from previous
visit, record this on measurement notes. Do

not remove debris or change anything on con-

trol at this time.

Read outside staff gage to nearest 0,005 meter
and record on measurement notes.

Make a quick visual inspection of the gage well
and cableway noting anything unusual (cablecar

4




2.

in middle of cableway, bullet holes on staff
gage or well, damage to cableway or well from
high water, etc.).
Open recorder shelter very carefully and read tape gage

before touching anything. Observe if tape gage is in

float wheel splines. 1If not, do not disturb tape until
after pen is read. If tape gage does not concur with
staff gage, find reason (well silted, float or counter-
weight hitting obstruction, recorder jammed, mud-dobber
wasps built nest behind float wheel, etc.). The tape
gage must read within plus or minus 0.010 meters of

the staff gage or something is wrong. Find it.
Carefully open recorder cover and observe whether clock
is running or stopped. Many times a stopped clock will
restart spontaneously from the disturbance of the hydro-
grapher on the walkway and while opening the shelter,
If the chart trace has been flat since the clock first
stopped, it may not be obvious that the clock was
stopped. This is why so much care must be taken to
avoid unnecessary disturbance when first approaching
the gage.

Either from markings on the instrument shelf, by obser-
vation through the float tape holes in the shelf, or by

observation through the inspection door, determine which

5




side of the float wheel the float is suspended from,
Lift the pen arm, revolve the float wheel in the direc-
tion that raises the float, and make a mark with the
recorder pen at least two full chart divisions above
the trace line. Raise pen to locking position before
allowing float wheel to resume normal position,
Release feed roll clutch located on lower right side of
recorder by pulling to right (outward) and revolving
away (clockwise) from you until chart paper loses its
tension. Move chart about 15 cm. onto takeup roll
until end of trace is at upper edge of writing platform,
Make notations on chart as shown on accompanying
illustrations:
a., Figure 1 illustrates the proper notes when the

gage is functioning normally. The gage height

scale is shown by the card on the inside of

the recorder 1lid or by computing from the end

of the trace.

The DPI is a peak indicating device that

is clipped onto the float side of the float

tape. As the float rises, the DPI remains

against the bottom of the instrument shelf

and slides on the tape. As the stage recedes,

the DPI remains fixed to the tape at the

highest point of the peak stage. This reading

6
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(taken from the top of the DPI) plus the
distance from the bottom of the instrument
shelf to the pointer on the tape index, is

the peak stage that has occurred since the
last time the DPI was reset and should corres-
pond to the peak stage reading of the chart
trace,

The "Rise" notation indicates the direc-
tion of pen travel when the float wheel is
revolved in the direction that raises the
float. This notation is especially important
during times of high water or diurnal fluctu-
ations when the pen trace may have gone through
several reversals,

The reversal marks at each side of the
chart are made by removing the float tape from
the float wheel, revolving the float until the
pen is within two or three major chart divisions
of the side, lowering the pen to the chart, and
again revolving the float wheel until the pen
has gone through the reversal. Repeat this
procedure at the other side of the chart.
Return pen to normal position and reengage
float tape in float wheel splines. Make sure

l7



pen is moving in proper direction when float
is raised.

During periods of low water when no peaks
have occurred since the previous visit, the
HWM notation can be omitted. If there has been
a peak since the previous visit, the HWM nota-
tion is made and the high water marks, both
inside the well and outside, are destroyed or
rubbed off to avoid confusion at a later visit,
Figure 2 illustrates the proper notes when the
clock has stopped and the pen is in reverse.

From the chart trace and the direction of
pen travel when the float is raised, you can
tell that the stage has risen through a pen
reversal and stayed in that range during the
time the clock has been stopped. You cannot
tell how many times the pen has traversed the
same line while the clock was stopped nor
whether the river is receding or rising at
the time of your visit. You can tell only
that during the period the clock was stopped
the range in stage was from 1,750~ meters to
2,005 meters, Comparison with the gage
observer's readings will establish the date

of the peak or peaks and the recession,

8
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Sometimes during a rapid rise in stage
or excessive surge, the float tape may come
out of the splines on the float wheel. Always
compare the ending gage-height scale with the
beginning gage-height scale when you remove
the chart., If they are not in agreement
(taking reversals into consideration), scan
the trace line carefully for the entire period
to see if there is any evidence of the tape
gage coming out of the float wheel splines.

If evidence is found, change float wheel
splines to adjacent holes in float tape until
ending gage-height scale agrees with starting
scale and pen is reading within 0.005 meters
of tape gage.

If the beginning and ending gage-height
scales cannot be brought into agreement by the
above procedure, check the float wheel tightening
screws and the float wheel shaft nut., If these
are found loose (one screw has a left-hand thread)
then the float wheel has probably been slipping
on the shaft and a rise or fall of the float
has not produced a corresponding rise or fall
of the pen. Scan the chart trace for unnatural

9



flat spots; this is usually indicative of a
loose float wheel, Usually nothing can be
done to reconstruct the true chart trace.
However, if the float wheel is alternately
slipping and holding, then it is possible
to reconstruct the chart trace by using the
DPI or HWM readings as the maximum and using
the trace to shape the accession and recession
curves,

The cause of the clock stoppage should
be investigated. It is not necessary to
replace the clock if it has stopped because
of the following reasons:

Clock weight on bottom of well.

Clock weight cable too short,

Clock weight resting on obstruction.

Clock weight cable binding on drum,

Clock weight spring hung on instrument

shelf.

Abnormally cold temperatures,
See section 10,600 for instructions on correcting
these conditions, All other causes require
replacement of clock and/or recorder.

10



c. PFigure 3 illustrates the proper notes when the
well is silted up or the intakes are plugged.
The well should be cleaned or the intakes
opened and the tape and pen readings again
marked on the chart when normal conditions
have been reestablished,
Other causes will show a similar trace
pattern to that shown in Figure 3:
Float, float tape, or counterweight
hitting obstruction.
Well frozen.
Float tape off float wheel.
Recorder jammed (if near reversal point).
Float wheel tightening screws loose.,
Mud-dobber wasps have built nest between
float wheel and recorder case.,
See section 10,500 for instructions on correcting
these conditions. ’
Remove chart by turning takeup roll until last of notes
have passed upper edge of writing platform; cut with
knife or fingernail along upper edge of writing platform
and reroll chart by hand, inspecting trace line until
chart is rerolled. Remove takeup roll clip and place

rubber band around used chart roll.,

.



10,

Wind clock carefully with the crank using free hand to
guide cable onto drum evenly. Do not wind clock cable
so far that clock weight spring contacts instrument shelf
or, on negator spring driven recorders, past the red
mark on the spring. Remove crank and replace dust cap.
If new supply roll is not needed clip end of chart roll
on takeup roller making sure chart paper is butted
against roller collar on left side. Take 3 or 4 full
turns of paper onto takeup roller making sure paper is
running straight.

Inspect chart roll to see how many days of record are
left on the supply roll. If you observe a diagonal
printed line on the roll, count the number of heavy
lines (centimeters) from the left margin to the diagonal
line and multiply by 8. The product equals the number
of days supply remaining on the roll, If the number

of days of chart remaining will not be adequate until
the next visit, install a new supply roll.

A new supply roll is installed by removing the
writing platform and lifting the old supply roll and
shaft out. Unscrew the knurled collar on the shaft
end and remove old roll from shaft. Slide new roll on
shaft so that the roll end with the core protruding is
to your right or the knurled collar end of the shaft.

12
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11

Screw knurled collar snug against core of supply roll.
Replace roll and shaft into slots and thread paper
between idler roller and the small tension rollers.
Replace writing platform and proceed as in paragraph
9 above.

Mark beginning note on chart as shown in Figure 4.

In addition to the notes shown, add any other infor-
mation that may be appropriate such as well cleaned,
levels run, staff gage repaired, PZF (point of zero
flow), etc. If in doubt as to whether certain infor-
mation is to be put on the chart or on some other
form such as measurement notes or level notes, put it
on both, Too often vital information is lost because
it was put on scratch paper and then forgotten or
filed and never seen again.

A few adjustments may be necessary at this point
to bring all gages to the same reading and to center
the reversal points:

a. To center the reversal points:
Pemove float tape from float wheel; move pen
carriage to side by revolving float wheel;
lower pen to chart and make mark about two
major divisions long as the pen moves through
the reversal v»oint; raise pen, move carriage
to other side and repeat marking. If reversals

13



are not centered, loosen slide bar screw on

pen carriage and move pen in appropriate direc-
tion; advance chart paper slightly and repeat
markings. Continue this process until reversals
are centered.

Atmospheric conditions cause the chart paper
to contract or expand and it may not always be
possible to match the reversal points to the
chart margins., If this occurs, adjust the re-
versal points so that they are the same distance
from both margins.

Never adjust reversal points by twisting pen

capillary tube in lucite reservoir. You might

disturb angle at which pen contacts chart resulting

in loss of record if the pen stops inking.

To adjust pen reading to tape gage reading:
Loosen float wheel tightening screws; hold
float wheel with one hand while turning the
float wheel shaft with the other hand; when

pen reaches proper reading, tighten float

wheel screws (be sure to turn screws in correct
direction. One screw has right hand thread, the
other a left hand thread. Arrows engraved on the
screw head point in the correct direction to
tighten screws).

14
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c. To adjust tape gage reading to staff gage
readingl/ loosen index pointer screw and move
to correct reading; tighten screw.

12. Engage feed roll clutch by pushing in (to left).

13. Make final visual inspection to assure clock has been
wound and is running (observe movement of balance whecl
through observation glass), pen is marking, slide bar
screw 1is tight, float wheel screws and shaft nut are
tight, feed roll clutch is in, float tape is in float
wheel splines, and DPI has been reset. Close and
latch recorder lid., Close recorder shelter door or
cover,

14. Make current meter measurement according to appropriate
method as described in HYDROLOGY TRAINING }MANUAL, No. 1 -
Basic Streamgaging. Compute measurement. If it is more
than 5 percent away from current rating, or does not

line up with the previous i2asurement, repeat measurement.

/.

=" In Afghanistan, most gaging stations have no staff gage inside the
stilling well. Therefore, the outside staff gage is the base gage
and all other gages are set to read the same as the outside staff
gage. The hydrographer must be especially careful to inspect the
staff gage for damage at each visit. If evidence of damage exists,
levels must be run to the RMs (reference marks) to assure that the
outside staff gage is reading correctly. If the staffl gage is found
in error, the tape gage then becomes the base gage until the staff
gage is repaired.

Assuming the staff gage to be correct, the procedure would be to
set the tape gage to the staff gage, and then the ven to the tape

gage.

15



15, Return to recorder and enter "End measurement" notes as
shown in Figure 4. Again make visual inspection as
stated in step 13 above.

16. Remove debris from control if possible. If gage pool
is small and will reach equilibrium within a short
time after cleaning control, wait and record gage
readings on chart and measurement notes when flow is
again stable. If gage pool is large and will take
several hours to reach equilibrium after removal of
debris, go on to next station and return later to
record stabilized gage readings if possible. If it
is not possible to return later, the gage reading can
be obtained from the chart trace after the next
routine visit.

Some recorders are equipped with an auxiliary pencil. This

pencil is a safeguard against loss of record in case the pen does

not function properly. The nencil yoke clips onto the pen carriage

yoke and lags the pen by a constant number of hours and shows a
constant lesser gage height than the pen. It is not necessary to
note the pencil readings if the pen is functioning normally. If
the pen is not marking then note the pencil reading just the same
as you would have for the pen reading. The time and gage height
lag corrections can be obtained from the starting trace for that
period of record.

The data the hydrographer should bring back to the office
after a routine visit are the recorder chart, current meter

16



measurement notes, level notes (if levels are run), observer's
notes through the end of the previous month, and station inspec-
tion form (the station inspection form is usually filled out only
once a year routinely, or whenever any damage has been discovered
at the station).

The hydrographer should also see that the observer has an
adequate supply of observer's notes; and if the observer has been
collecting sediment samples, to bring those samples back to the

laboratory,

17




2,000
GAGE-HEIGHT RECORDS

In the computation of streamflow records for a gaging station,
two parameters measured in the field are basic to all computations:
The stage of the river (or gage height as it is more properly called
when used in reference to a gaging station), and the discharge.

Stage or gage height is the elevation of the water surface in
reference to an arbitrary datum. It is measured by means of per-
manently set staff gages, or by instruments such as tape or wire
weight gages that measure the distance from the water surface to an
index point that is set to an arbitrary datum,

A gaging station can be either a recording or non-recording
station. At non-recording stations, the gage is generally a staff
gage. At recording stations, the gage is generally a staff gage
supplemented by a float-tape gage to which is attached a recording
device to measure changes of the float-tape gage. This is called
an automatic water-stage recorder.

In Afghanistan, most of the automatic water-stage recorders are
Stevens model A35 recorders furnished as part of the USAID program.
There are also Ott recorders furnished by the West German Hydrologic

Mission and the United Nations. The principle behind the operation

of all recorders used in Afghanistan is the same (that is, gage height

is measured in one direction and time in another direction), and dis-
cussion in this manual will be confined to the Stevens A35 recorder.

18



A complete description of the various type gages of American
manufacture is given in part 4 of HYDROLOGY TRAINTING MANUAL, No. 1 =~
Basic Streamgaging. Also sections 10,500 and 10,600 of this manual

contain material referring to automatic water-stage recorders.
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2,100
Recorder Chart

The Stevens A35 recorder uses a strip chart to record the changes
in stage and time., This chart is a long continuous roll and under
most conditions of use in Afghanistan, will last for 2 years before a
new roll needs to be installed. Because of this feature the recorders
can be run for several months, the limiting factor being the available
length of fall of the clock weight,

The chart is divided into 25 major divisions across the chart:
the distance between divisions represents 0.05 meters change in ele=-
vation of the water surface. Each major division has 5 minor divisions:
the distance between each minor division represents 0,01 meter change
in elevation. Down the length of the chart are major divisions shown
by heavy solid and heavy dashed lines: the distance between any two
major divisions represents 24 hours. Between the major divisions are
12 minor divisions: the distance between each minor division represents
2 hours, These scales can be changed if desired, but for most purposes

the above scales are suitable,

R0
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Inspection notes.--Inspection notes appear on the recorder chart

on the days that an engineer has visited the station for some purpose.
This means there are inspection notes at the beginning and end of each
chart section and there may be notes at any intermediate point (see
figures 1 to 4, section 1.100). The technician should examine these
notes carefully for completeness and accuracy. Check the notation for
pen gage height and time against that shown by the trace. If any dis-
crepancy appears check against the measurement notes (if available) or
with the hydrographer who made the inspection notes. Any discrepancy
or omission should be brought to the attention of the hydrographer so

that correct or adequate notes will be made by him on future visits,
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Time corrections.--Recorder malfunction or climatic conditions

can introduce a difference between the recorder pen time and correct
time, and between the pen gage height and base gage height. In most
recorders, it is impossible to regulate the clock to keep accurate
time under all conditions. Also, the chart paper may not run straight
or damp weather may cause the paper to expand. These conditions are
not considered errors, but they do require corrections or adjustments
to the relation of the trace line to the chart graph.

A clock is the speed regulating device for the recorder. When it
runs fast or slow the rate at which the recorder chart moves under the
pen will also be fast or slow. Unless evidence to the contrary is
found, it is assumed that a clock running fast or slow does so at a
constant rate. Therefore, a clock that runs (say) 6 minutes slow each
day will be an hour slow at the end of 10 days of operation, and if an
engineer visits the station at the end of 60 days he will find the pen
time shows 6 hours slower than correct time at the end of the period.

Corrections are made to the nearest hour. In the above example,
the error was less than one-half hour during the first five days and
no correction is needed; from the sixth to the fifteenth day the clock
was progressively slower from one-half hour to one and one-half hours
and the correction is one hour; from the sixteenth to the twenty-fifth
day the clock will be from one and one-half hours to two and one-half
hours slow and the correction is two hours. The correction increases
by one hour every ten days with the maximum correction occurring during
the final five days.

R



Unfortunately, visits are not always made at such convenient
intervals as 30 or 60 days. Usually, visits occur at odd times.
let's assume that 48 days have elapsed between visits and the cluck
was 6 hours slow at the end of the period. Then 48/6 = 8 and the
clock will run an hour slow every eight days. sing the same pro-
cedure as the preceding example the correction would be:

Day Correction (hours)

0-4
5-12
13=20
21-28
29-36

37-44
45-48

Dyt RO O

Time corrections can also be computed graphically and this is
perhaps the best method for inexperienced technicians. Using ordinary
graph paper or a vacant spot on the recorder graph being computed,
mark the total days on the abscissa and the total correction on
alternate lines on the ordinate. Draw a straight line from zero days
and zero correction to the intersection of the last day and maximum
correction., Where the line crosses the %, 1%, 2%, etc., total correc-
tion points are the days where the correction changes. This method is

illustrated in the following graph.
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2.130

Gage-height corrections.--Corrections for the difference between

pen gage height and the base gage height are made in exactly the same
way as time corrections. For example, assume that the pen reading was
+0,06 meters of the base gage reading at the end of the 48 day period.
Then 48/6 = 8 shows that the pen reading gradually increased in error
by 0.01 meter every 8 days. Corrections are made to the nearest 0,01
meter. Therefore, by applying the same principle used for time correc-

tions the gage-height correction would be:

Day Correction (meters)
0-4 0

5-12 -0.01

13-20 -0.02

21-28 -0.03

29-36 -0.04

37-44 -0,05

45-48 -0.06

The correction is applied in the opposite direction from the error
in pen reading.
Corrections to pen gage-height readings can also be made graphically.
The principle is exactly the same as shown for time corrections; but
again, remember that the correction is applied in the opposite direction
from the error.
Another type of adjustment that may be necessary to the pen gage-
height reading are those caused by reversal errors. These fall into
two categories:
1. Corrections for errors in setting reversal points. These
are the simplest of the reversal errors to adjust. If the

reversal occurs above the base lines then add double the

25



error to the gage height while the pen is in reverse. If
the reversal occurs below the base lines then subtract
double the error from the gage height while the pen is in
reverse, No adjustment is necessary while the pen is in
direct drive.

Correction for skewed paper. If the chart paper runs
crooked an accumulative error occurs in the pen reading
and also in the reversal points. This is generally the
cause of the difference in pen and base gage readings.

If no reversal of pen travel has occurred, the pen reading
is adjusted by proration for time just as described for
time and gage-height corrections., If reversals have
occurred, they are adjusted by proration for time and also
for position in relation to the base line as described

above,

Occasionally, atmospheric conditions will cause the paper to
expand or contract. If the reversal check shows the reversal points
to be centered equally in relation to the base lines (either inside

or outside the lines) no adjustment is necessary.

The corrections are written on the recorder graph for the days

where corrections are needed. This correction is then added to or
subtracted from the computed gage height to give the corrected

gage height,
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2.140

Daily gage heights.--In general, & rican gage height is computed

for each day of the water year. This gage height is obtained by
averaging all gage heights occurring within a R4-hour period from
midnight to midnight. Since the recorder chart trace is composed of
an infinite number of points this is accomplished by a method that
balances the areas of chart above and below an index line. For this
purpose a template is used. This template is rectangular in shape
and has an index line etched along the major axis. For convenience
of use, a small hole is drilled near one end of the index line. By
holding the template with a pencil point so that the hole in the index
line is at the intersection of the pen trace and the midnight line
(2400 hours), the template can be revolved about the pencil point
until the position of the line is such that the chart areas atove
and below the index line are balanced. The cross-hatching in the

illustration below shows how the template is used to balance the areas.

/—Template

L = Index line

2400 2400 2400 2400
Day 1 2 3
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The mean gage height for the day is at the intersection of the
index line and the noon line (1200 hours).

During periods of rapidly changing stage a daily mean gage height
is not computed. Heavy precipitation or rising temperatures may cause
a large change in stage and discharge, or upstream regulation may cause
sudden surges or cessations of flow. During these periods of rapid
change a daily mean gage height really has no meaning; and also, if the
mean gage height were used to obtain the mean discharge from a rating
curve (see section 4.770) the discharge would be too low because of
the curvature in the stage-discharge relationship.

Periods of rapidly changing stage are computed by subdividing the
day into one or two-hour periods and obtaining the gage height at each
interval. A discharge is then applied to each gage height and the
average discharge computed by summation, giving normal weight to the
discharges at each midnight point (0000 hours and 2400 hours) and double
weight to the intermediate points, then dividing by the sum of the
weighting factors (24 for 2-hour subdivision, 48 for l-hour). The

following table illustrates this method:

Time Gage height Discharge Weight Total
0000 0.920 45,7 1 45,7
0200 1.050 60.R 2 120.4
0400 1.125 69.0 2 138.0
0600 1.850 180.0 2 360.0
0800 2.280 268.0 2 536,0
1000 1.950 200.0 2 400,0
1200 1.750 162.0 2 324.0
1400 1.690 151.0 2 302.0
1600 1,560 130.0 & 260.0
1800 1,430 110.0 2 220.0
28




Time Gage height Discharge Weight Total
2000 1.300 91.0 2 182.0
2200 1.230 81.9 2 163.8
2400 1,175 75.0 B 75,0

R4 5,126.8

Mean discharge = 3,126.9/24 = 130.3 cubic meters per second.

A mean discharge is never obtained from averaging the gage heights
and obtaining the discharge for that mean gage height. This will result
in a discharge less than the true discharge as computed by the above
method., For example, the mean of the gage heights listed in the above
table is 1.435 meters. The corresponding discharge at this gage height
is 117.5 cubic meters per second as compared to 130.3 obtained by the
correct method - an error of almost 10 percent.

The data for the above examples were taken from a synthetic record

that will be used for illustration throughout this manual.
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2o 150

Incomplete or inaccurate record.--Recorder or gage well malfunctions,

or peculiarities in the hydraulic characteristics of the channel or page
well, can cause the recorder to fail to register the gage height or to
register it erroneously. The causes of this are discussed in general in
section 1.1C0, and in detail in section 10.5C0 and 10.,600. Depending on
the cause and what information is available to replace or supplement the
pen gage-height readings, the incomplete or inaccurate record can be
classified into one of the following:

No record.

Doubtful record.

Reconstructed record.
Ice-affected record.,

KT Y
- - L 3 -

No gage-height record is the result of the failure of the recorder
to mark a normal trace line in either or both directions; that is, for
time (clock stopped) or gage height (well silted, float hung up, etc.).
When the clock is stopped, the recorder will still register gage height
but all fluctuations will be recorded on a single line. This means, of
course, that the range of stage occurring during the period of clock
stoopage will be recorded, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>